With recent advances in cancer management, the number of cancer survivors has doubled in the last 3 decades [5] . Cardiotoxicity is one of the most serious adverse effects of chemotherapy, resulting in a rise in morbidity and mortality. Cardiac dysfunction associated with chemotherapy can be an acute, subacute, or chronic side effect. Acute or subacute cardiotoxicity develops any time from the initiation of treatment up to 2-4 weeks after the completion of therapy and is characterized by reversible arrhythmias, abnormalities in ventricular repolarization, prolongation of QT interval, acute coronary syndrome, pericardial reaction, and alteration in myocardial function. Chronic cardiotoxicity occurs 4 weeks after treatment and is divided into early cardiotoxicity, which appears within the first year after treatment, and late cardiotoxicity, which appears more than 1 year after chemotherapy. Chronic cardiotoxicity includes reversible or irreversible cardiac (systolic or diastolic) dysfunction, which can lead to irreversible heart failure and even death [6] [7] [8] .
Patients and Methods

Patients
Patients were enrolled in the current prospective study if they fulfilled the inclusion criteria: Patients had to have histologically proven gynecological malignancies including breast malignancies in either the neoadjuvant, adjuvant, or metastatic/recurrent setting. Patients had to be chemo-naïve or have previously received only 1 line of chemotherapy which had to be non-cardiotoxic and include agents not known to decrease the EF. A period of 2 years must have passed since the last cycle, and a period of 2 years must have passed since the end of the last radiotherapy to the chest wall. Patients should have received paclitaxel as part of their chemotherapy protocol, either as a single agent or in combination. When given in combination, paclitaxel had to be combined with other non-cardiotoxic agents. In addition, patients had to be 18-65 years of age, with an Eastern Cooperative Oncology Group (ECOG) performance status of 0-2. Patients were to not have any associated cardiac comorbidities, with the exception of hypertension, diabetes mellitus, and hypercholesterolemia. The patients' EF at baseline had to be 50 by echocardiography. Finally, patients had to have adequate baseline hematological, renal (creatinine up to 1.5 × upper normal limit), and hepatic (normal bilirubin) profiles.
Patients from 3 educational hospitals in Egypt were enrolled, including the Oncology Units of Ain Shams University Hospitals, El Sahel Teaching Hospital, and Ismailia Oncology Teaching Hospital.
Study Design
After ethical approval, patients were enrolled in the current prospective trial. The study design is shown in figure 1.
Follow-Up
After finishing the treatment protocol, patients were followed up by regular clinic visits as per the National Comprehensive Cancer Network (NCCN) guidelines for follow-up of patients after cancer treatment. This included history taking and clinical examination every 3 months in the first 2 years, every 6 months for the following 3 years, and annually thereafter. At each visit, patients were evaluated for symptoms of CHF including shortness of breath (SOB), orthopnea (SOB upon lying flat), lower limb swelling, palpitation, and new fatigue. Clinical examinations were carried out to detect signs of cardiac dysfunction (basal lung crackles, gallop, and lower limb edema) [15] .
Serial monitoring of cardiac EF using 2-dimensional echocardiography every 6 months for 30 months was carried out. Cardiac toxicity was graded according to the National Cancer Institute (NCI) Common Toxicity Criteria (CTC) version 2 [16] (table 1) .
Statistical Analysis
All calculations were carried out using prism-6 software for Windows (Microsoft, Redmond, WA, USA). All analyses were carried out using the intention-to-treat approach. Mean, median, and 95% confidence interval (CI) values were used for the description of data. For comparisons between the predetermined high-risk factors (including age, ECOG PS, paclitaxel used (single agent or combination), prior chemotherapy, radiotherapy, and associated comorbidities) and cardiac toxicities, multivariate analysis for relative risk was applied. p value was significant at 0.05. 
Results
Between May 2011 and June 2015, 50 patients were enrolled in the study. All fulfilled the study's inclusion criteria. Table 2 summarizes the patient characteristics.
All patients underwent baseline assessment and follow-up evaluation up to 24 months. 45 of the patients underwent evaluation at 6 months thereafter.
The median baseline EF was 60% (95% CI 50-80%). At 30 months, the median EF was 48% (95% CI 40-60%). The changes in EF over time during follow-up are summarized in table 3 and figure 2 (p = 0.03).
According to the NCI CTC version 2, during the 30-month follow-up, 8 patients developed grade 1 cardiac toxicity, and 2 developed grade 2 toxicity. No patient had grade 3 or 4 toxicity (table 4). Of the 10 patients who developed grade 1 and 2 cardiac toxicities, 4 developed these changes within 12 months, and the remaining 6 developed them between 12 and 24 months. None of the 50 patients evaluated developed new changes between 24 and 30 months. None of the 10 patients showed any new complaints related to cardiac dysfunction. All patients denied orthopnea, palpitations, lower limb swelling, or new fatigue. 2 (20%) patients had new SOB with mild exertion at the time of diagnosis, which was intermittent in both cases. Furthermore, clinical examinations and Paclitaxel cardiotoxicity increased among patients with diabetes mellitus, hypertension, prior chest wall irradiation, ECOG PS 2, age > 60 years, and metastatic or recurrent disease (table 5) .
Discussion
The cardiotoxicity associated with paclitaxel used to not be well understood, and studies showed contradictory results in comparison with other agents like doxorubicin and trastuzumab. Some studies showed that paclitaxel led to CHF in 5-15% at conventional doses. Others showed severe reductions in EF in 1-2% of patients [13, 14, 17] . Del Mastro et al. [18] showed the incidence of cardiotoxicity after weekly paclitaxel to be 9%, with 2.5% of patients having grade 4 cardiotoxicity.
Paclitaxel cardiotoxicity seems to be mild in most cases. Further, a study in patients with major cardiac risk factors including unstable angina, CHF, and atrial fibrillation showed that paclitaxel can be safely administered as a single therapy or in combination with a noncardiotoxic platinum agent such as cisplatin or carboplatin [19, 20] .
The current trial's main objective was to evaluate the potential risk of paclitaxel for EF after a relatively long follow-up period. Studies examining cardiac toxicity of other chemotherapies with proven cardiotoxicities like trastuzumab applied the same followup period to assess late cardiac events [21] .
The current study agrees with previous reports in that paclitaxel is one of the chemotherapeutic agents to induce cardiotoxicity. The incidence of cardiac toxicity in the current study was 20%, with grades 1 and 2 occurring in 16 and 4%, respectively. Those figures are slightly higher than those reported by Curigliano et al. [13] . On the other hand, our results were relatively better than those of Del Mastro et al. [18] . The differences between studies may be related to the relatively small number of patients (all trials including ours) and the respective duration of follow-up (2 years in the former and only 6 months in the latter trial). Another explanation may be attributed to the chemotherapy used. While paclitaxel was given in combination with other agents in one trial, it was given as a weekly single agent in the other [13, 18] .
An important point that may explain the difference between our results and those of previous reports is that cardiotoxic effects were recorded based on regular echocardiographic evaluations in our trial. Regular and routine monitoring was not carried out in other clinical trials; hence similar toxicities may have occurred but were not recorded.
The authors used echocardiography as a method to evaluate changes in EF related to paclitaxel as it is widely available, easily accessible, cheap, and simpler than other methods. Furthermore, it has an overall sensitivity of 50-60% to detect changes in EF and is applied in all guidelines including those of the British Colombia Cancer Agency (BCCA) [22, 23] .
The long-term effects of paclitaxel on EF were examined extensively in the current work. Accordingly, paclitaxel-related cardiotoxicity can occur with conventional doses and is generally mild. It can occur at a relatively lower rate within the first 12 months after treatment rather than more than 12 months of treatment and is not cumulative.
Furthermore, the authors evaluated biochemical markers including BNP and electrocardiographic changes for CHF in the 10 patients who developed a decline in EF in the follow-up period. Here, we observed no changes associated with the echocardiographic finding of a decline in EF.
Paclitaxel-related cardiotoxicity increased among patients with high-risk features including diabetes mellitus, hypertension, radiotherapy to the chest wall, ECOG PS 2, age > 60 years, and paclitaxel treatment in the metastatic or recurrent setting [24] .
The current study has some limitations in that the authors included EF data only (without other echocardiographic data). Additionally, the authors did not perform speckle tracking strain imaging, which we believe might improve the early diagnosis of chemotherapy-induced cardiotoxicity (awaiting further confirmation from clinical trials).
Researchers/clinicians should keep in mind that paclitaxel has some cardiotoxic effects. This may lead to important questions about its application in combination with other cardiotoxic agents like trastuzumab and its use in recurrent platinum-resistant ovarian cancer. More studies are required to confirm our results and find answers to the above questions.
Conclusion
Paclitaxel has cardiotoxic effects. Careful monitoring of cardiac function during and after paclitaxel infusion is required in patients with high-risk features.
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